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ABSTRACT

Several software enhancements to the Towed Array
Performance Prediction System (TAPPS) are described. A
technical discussion of the changes is given, and the
implementation and testing of the software modifications on
the Nova 820 computer are dccuhented. The latest software
is denoted as TAPPS Version 1.2.

An interim improved treatment of bottom loss,
- denoted as interim Bottom-Loss Upgrade (BLUG) is discussed.
-A set of six new bottom-loss classes and associated bottom-
loss curves for the Indian Ocean, and new bottom-loss curves
in the other ocean areas are presented. These changes have
been fully integrated with the TAPPS propagation-loss model
(FACT), as well as the TAPPS Noise Model.

A new surface-duct propagation-loss model is a
refinement and extension of Labianca's virtual mode results.
The results of Spofford and Ryan had previously been used to
develop a replacement model for the Clay Surface-Duct Mod§1
within FACT. The implementation of these results in TAPPS
are discussed. &Q
. U\~

The TAﬁPS shipping-noise data base has been
extended to include the Indian Ocean and tbhe capability to
handle data in the southern hemisphere has been provided
for.

N

A Rough Surface-Loss Model in FACT and other
miscellaneous TAPPS software modifications are also

o @t

! discussed.
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Section 1
INTRODUCTION

The Towed Array Performance Prediction System
(TAPPS) was developed under the Naval Ocean Research and
Development Activity (NORDA) sponsorship, during the years
1976 to 1979. It was designed as a seagoing minicomputer
system to provide Fleet personnel with estimates of towed
array performance and to advise tactical decision makers
concerning the selection of such parameters as ship speed,

course, array depth, aud search frequency.

TAPPS was developed using state~-of-the-art
model ing techniques and data bases, as they existed in 1977.
However, during the last four years new acoustical models
and oceanographic data bases were developed by the scien-
tific community. Specifically, aﬁ interim Bottom-Loss
Upgrade (BLUG) and a new Surface-Duct Propagation-Loss Model
(SDUCT) were developed and implemented at the Fleet Numer-
ical OQceanography Center (FNOC) in Monterey, California.
These enbancements became an integral part of the CDC 6600
version of the FACT Propagation-Loss Model. Since TAPPS also
uses FACT (modified to run on the Neva 800 computer), the
decision to include these enhancements in TAPPS was made.

During the ctourse of implementing tnterim BLUG
and SDUCT within TAPPS several other areas for model in-
provemeni were identified and included ia the current
ef{fort. This included Ambient Noise Data Base lmprove-

ments, Rough-Surface Llosses within FACT, and four program
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"bugs'". TAPPS with all of these improvements hau< been
designated TAPPS Version 1.2. A previous version of TAPPS
(Version 1.1) was fully documented iu References 1 through
7. This report discusses only those features unique to
TAPPS Version 1.2. Program listings fcr TAPPS Version 1.2

are available in References 8 and 9.

1-2
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Section 2
SOFTWARE ENHANCEMENTS - TECHNICAL DISCUSSION

This section discusses the technical issues
relgsted to the TAPPS software enhancements.

2.1 INTERIM BOTTOM-LOSS UPGRADE (BLUG)

TAPPS Version 1.1 used two sets of bottom-loss
classes to make acoustic propagation~loss and ambient-noise
predictions. For low frequencies (below 1000 Hz), estimates
were based on a set of three curves of loss versus grazing
angle applied over specific frequency bands. The three
curves are assigned based on a data base of bottom classes
{1, 3 or 4) which covers most of the northern hemisphere at
l1-gegree intervals. These classes and associated bottom
loss curves are actually a consolidation of five classes
developed in 1970 (Rerference 10). For high frequencies
(above 1000 Hz), a set of ten classes/curves were used based
on Reference 11. The TAPPS Version 1.1 bottom-class data

vase and bottum-loss curves were essentially the same as

those used at FNOC, Monterey, except that no interpolation
was performed between 1000 and 1500 Hz to smooth out poten-

tial discontinuities in acoustic predictioas.

Further improvements to the approach used pre-
viousiy by FNOC and irn TAPPS Version 1.1 were developed in
128C and implemented at FNOC (Reference 12). First, a new
geograplic assignment of the three low frequency classes was
developed as a result of the recognition that bottom loss

2-1
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appeared to correlate with sediment thickness. The three
classes (still designated 1, 5 and 4) were retained as
somewhat representative of measured data from poor, moderate
and high-reflectivity areas. However, as more bottom-loss
data yielded to interpretation in terms of geo-acoustic
models, and comparisons of model predictions with measured
data reinforced these interpretations, a new set of curves
was developed based upon geo-acoustic modeling and data
interpretation to go with the three areas of different
sediment thickness. The high frequency classes/curves were

not modified.

. Finally, recent work by Applied Research Labora-
tories (ARL) and SAI has produced a set of six low-frequency
bottom classes and associated bottom-loss curves (designated
1-6) for the ..id%an Ocean (Reference 13). These bottom-loss
improvements were also implemented at FNOC, Monterey during
1980.

TAPPS has subsequently been modified to include
most of the interim BLUG features currently available at

FNOC. The new low-frequency bottom-class assignment for the.

Indian Ocean (Figures 1 and 2) have been implemented. Also,
new bottom loss versus grazing angle functions (BTMLOS,
BTMHF and BTMLF) were written to include the new 1, 3, 4
class curves (Atlantic, Pacific and Mediterranean) and the
1-6 class curves (Indian Ocean). In order to distinguish
between the two sets of curves, a preprocessor maps classes
l, 3, 4 and 1-6 into classes 1-3 and 4-9, respectively. An
interpolation routine was written to smcoth out discontinu-
ities between the low and high frequency predictions.

2-2
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Figures 3 through 11 show the new bottom loss versus grazing

angle curves for classes 1-9.

The current bottom loss curves and areas must be
viewed as an interim improvement, since a more substantial
change will be installed at FNOC within the next year.

Function BTMLOS is called in TAPPS by both the
FACT propagation-loss model as well as the ambient-noise
prediction model. Also, constants defining critical grazing
angle versus bottom class were also modified to be consis-
tent with the new BTMLOS function.

2.2 SURFACE-DUCT MODEL UPGRADE

TAPPS Version 1.1 used the Clay model within FACT
for surface-ducted propagation (Reference 14). While the
Clay model was recognized to have certain deficiencies, an
efficient alternative was not available. The model had an
over-simplified depth dependence and the wrong dependence of
leakage from the duct on environmental parameters.

Following a series of evaluations which identified

the short-comings of the Clay model, SAI proceeded to
develop a substantially improved Surface-Duct Model based
largely on the work of Labianca (Reference 15), Spofford
(Reference 16), and Ryan (Reference 17).

The Surface-Duct Model is designed to compute the
relative incoherent intensity level from a point source in a
canonical bilinear duct. The approach used in the new model

-
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is a refinement and extension of Labianca's virtual mode
results to include modes near cutoff as well as leaky
modes.

Rough surface-reflection losses are computed in
a separate module (see Section 2.4) as a function of the
ray's surface grazing angle, wave height and frequency.

The integration of the new Surface-Duct Model
required the development of a preprocessor to transform the
surface-duct portion of the sound speed profile into a three
point (bilinear) profile. A routine (SDINIT) was developed

to perform this function as well as error checking.
2.3 AMBIENT NOISE UPGRADE

TAPPS Verc¢ion 1.1 contains average shipping-noise
levels for each five-degree square in the northern hemi-
sphere from 0 to 75 degrees North. Although provision was
made to include the Indian Gcean in this data base, this
portion of the file was left empty due to the lack of data
at the time thc file was created (1977). Recently several

-

socurces of noise measurements in the Indian Ocean have
become available (keferences 18, 19 and 20). Heace, the
decision *o extend the TAPPS shipping noise file (ANFILE) to
include the Indiau Ocean was made.

The noise measurements were for 16 separate areas
in the Indian Ocean, and were typically time and frequency
averaged measurements at relatively deep denths (at least
300 feet). This minimized tne possibility of contamination
by surface-image interference and other dypamic effects.

2-15
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The data base was derived by overlaying on a
single grid the basic noise measurement levels, shipping
density (low, medium and high), and areas with depth excess.
Regions with no depth excess were denoted by the bottom
class (low, medium or high). Based on all of these factors,
areas with no noise measurements were filled in by interpo-
lation/extrapolation. Values were determined for each
five-degree square in the Indian Ocean from 100S to 30©ON.
This was necessary to be consistent with the existing
’ﬁater-mass/bottom-class files in TAPPS which cover these

same locations.

The existing ANFILE was expanded to include the
scuthern hemisphere, and provision to access the southern
hemisphere portion of the file was made by modifying sub-
routine SHPSR. Although only a1 small section nf the Indian
Ocean uses the southern hemisphere, future modifications to
incluae other areag of the world can now be made with
minimal effort. Several points in the Mediterranean were
found to be in errvor and corrected.

The revised ANFILE is shown in Figure 12.\ The
first half of the file contains the northern hemispheré and
the sscond haif the southern hemisphere,

2.4 ROUGH-~SURFACE LOSS UPGRADE

A rouline to compute rough surface losses was

developed based on Reference 21,

The surface luss is computed as:
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SURLOS = (e~G)NB

where

NB = number of surface reflections
G = (WH2/8) (4nF/5000)2 sin2¢
WH = wave height (ft)

F = frequency (Hz)

6 = grazing angle at surface

The parameter G is limited to a maximum of
loge(10), to limit SURLOS to a maximum of 10 dB per surface
reflection.

2.5 MISCELLANEOUS MODIFICATIONS
Several minor software bugs were discovered during

the course of software testing. Fixes for these problems
are discussed in Section 3.5.

2-22




Section 3
SOFTWARE IMPLEMENTATION NOTES

This section summarizes the software modifications
required to implement the enhancements discussed in Section
2. The revised program listings, load maps, etc. are not
included due to the large number of pages involved (Refer-
ences 8 and 9). They are available at either Science
Applications, Inc. (McLean, VA) or at Analysis and Tech-
nology (North Stonington, CT).

. A summary of the source-code modifications is
shown in Table 1. Almost all of the TAPPS overlays are
affected by the software modifications. A further breakdown
and discussion of the program modifications is contaiped in
Sections 3.1 to 3.5. Tables 2 and 3 contain the latest
TAPPS master disks maps as of 16 June 1981.

3.1 INTERIM BOTTOM-LOSS UPGRADE (BLUG) SOFTWARE
MODIFICATIONS
3.1.1 TAPPS BLUG Software Modifications \

INPUTOV:SR Ocean areas 1-4 are defined to dis-
tinguish between the Pacific (1), Atlantic (2),
Mediterranean (3) and Indian Ocean (4). Ocean
areas 1-3 use bottom classes 1-3 and ocean area 4
now uses classes 4-9. A call to Function IBCON is
made to unpack, reset and pack the bottom class
variable IB based on ocean area. Unused code was
removed to make room for the latest changes.
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5
. TABLE 1
L Software Modification Summary
i TAPPS SURFACE  MISCELLANEOUS
D OVERLAY BLUG SDUCT AN LOSSES BUGS
AN M,S S
FACTL1 M,S M
FACTL2 S M M,S
FACTL3 M,S M,S S
INITOZ L
INIT12 L
INPUT
INPUTOV M,S S
INTR
. MEASOV M S S
MEASUR M,S
MIZR
OACY S
ODEBUG
OFOM S
OGDEPOV
OMBC S
: QNDB S S
i oouT S
| OSBC s
i 0SDB S S
L. CSEX S
OTLS S
i PREOPT
. SONO M,S S
fl i STLSS
3 . TAPPS S
2
- Key: M - Main program modified

S - Subroutine called fram overlay modified
L - Loader file modified

32




SN A1

el L6

Vel 12491

yTOTHL Y 14347

LD i

MR cge D

SHECREAT LD 1B

AHFCREAT $SR 2

SNFILE$SR 37

ANTEST SR 3

ATLAS ic

ATLSHIF SR 10

BTGRAPHIRB (=

BTGRAPH S SR : 7D

BTMLOS:RB ‘14

BTMLOS SR 14

DBl TF - 124

DBLIB:LD . . 1- 3
DCLIB:SR . = 83 %
DCRTTST 31 B '
DFMCPY . 10 B

DFMCPY:AB "? B ,
DFMDIAG 23 B :
DIAARDR iB

DIACKB:2 - 1B

DlackB:3 . - 3B

DIACKB:4 4 B

DIADCM:RD 138

DIADCM:UT iB :
DIADCT S B \
nIADCTLD - 1B

D14aDISK i2 B

DlAcXEC ‘ i3 B

DIAINST : 13 B .
DIALOG . 14 B :

TABLE 2
TAPI*S Version 1.2 Master Lisk Mup (Source)
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TAPPS Version 1.2 Master Disk Map (Source)

DInTFE
DINTELET
LRl
aZFLYSLD
OIFL VSR
ErsMR

EDIT

EsllIs
EGLIB:LD
EGLIB:SR
EGLSFITSRB
EGLEFIT:SR
EGSDCOMRE
EGSDCOM: SR
EGSDIMNIT:RE
EGSDINIT: SR
EGSDINM
EGSDINMILD
EGSDINM:SR
EGSDMAIN
EGSDMAIN:ILD
EGSDMAIN:ISR
EGS5DOLD:RB
E£GSDOLD:SR
EGSDPLOT
EGSDPLOT:LD
EGSDUCT :RB
EGSDUCT SR
EGELOSS:RB
EGELOSS ISR
EGSLSMN
EGSLSMNILD
EGSLSMNISR
EGTLOUT:RB
EGTLOUT SR

es
10
132

73

-
2.
DoOowmmoo o

[WN
N )
LW

At e
WrroOsxsehrmAw

(WY
= M
WY )

174

40
64

L0 QWW

TABLE 2 (Continued)
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¥
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ELTLFLTIRRB 11
ETLPLT:5R S
EFLDR ie
EFRORSRE 3
EFFOR SR =
E£XECP$3R 34
FCT 63
FRCT:SLD 1
FHOTISR 13
FRCTLIBL 164
FACTLIB1:LD 1
FRCTLIB1:SR 372
FACTLIR2 157
FAR2TLIR2:LD 1
FACTLIB2:SR 4002
FAT-TLIB3 114
FACTLIB3:LD 1
FACTLIB3SLX i
FACTLIBI:SR 132
FACTL1:LD 1
FACTL1:SR 55
FRACTLE:LD 1
FACTL2:3SR 143
FASTL3:LD 2
FACTL3SR i2
FASMB:AB 34
FCOMP 77
FLIB c47
GETENY:FB a2
GETENU:ISR =33
GETTGTRB 12
GETTOHT ISP 11
GOITozd:5R 1
GSUNHR SRE €5
GEONAR ISR 44

TABLE 2 (Continued)
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TAPPS Version 1.2 Master Disk Map (Source)
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o

1

g

IECUl{iRE
Ie 2R
IR INP
LHDAOUT
INDBINP
IMDEOQUT
IMIT:LD
INITO2:SR
INIT12:SR
INPUT:LD
INPUT:!SR
INPUTOV:LD
INPUTOU:SR
INTR:LD
INTR2SR
JLGLIB
JLGLIB:LD
JULGLIB:SR
LSBTM:LD -
LSBTM:SR
LSCBLP:LD
LSCBLP:SR
LSDBLOS:LD
LSDBLOS SR
LSDBLF:LD
LSDBLP:SR
LSIBTESTISR
LSLIB
LSLIB:LD
LSLIEB:SRk
MEASOUILD
MLASOULI SR
MEARSUR: LD
MEASURISP
MEDSHIPISR

RN R S U i
VYo wwww

R ARTENE SN RN, FERR PPy, WO R FOR S T TR J VN FERA DA, [y N W I

oo U
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v
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TABLE 2 (Continued)
TAPPS Version 1.2 Master Disk Map (Source)
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[MERGE tRR 3
MEFGE S SR & D
NIZF:LD 1
MICRIER T D
HWOIZESFB 71
[HJISE$SR 110
1tzLIB 115
HZLIR:LD 1D
HZLIR:SR 55
Q2 LD i
OARCUV ISR 14 D
ODRCM 2
CDERUG 100
DOEEUSRSLD i
ODEBUG: SR 3 D
CDEBUGS 105

B OFOM3ILD i
GFOMISR i3 D
OGDEPOU::LD 1
OGDEPQU: SR 4D
CMBC:LD i
OMBC SR . 14 D
OriDR igc
ONDB::LD b 1
OtiDBISR 70D
COUT:LD . 1
J0OUT ¢SGR 7D
OPRIN ‘ ie7 D
OPRIN:LD 1D :
OFRIN:!SR 64 D X
QSBCILD i
QSBC:iSR i4 D
QShB 167
05DB:LD i
QSRB:iSk ie D

TABLE 2 (Continugd)
TAPPS Version 1.2 Master Disk lan {Source)
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WILaisoR
WaFLILD
UsF1ioR
WoF4:LD
WsF 43R
WsFS:LD
WEFG: SR
WeFGLLD
WSFBISR

WsF7s L 1

WSF7IER 16

REDRGH 11

KFERGH 42

#FLBGH 11

XFLDGH 15

KFEFMMHGMIN 44

56

3

3

=4

e

i

i4

14

o Lo fu (M
G+ 0+ = G U
whieholwkel R A R R Rl R R R RololololwRwhelwloRmnsier)

AEMNGNTA

XNTERP:RB

HNTERP SR

XNTFIRB

XNTF:SR
YDMOTAPPIRC .
YIMOTAPP S IN
YRIOTARPP : QU
YDMOTAPP 1 SU 194
YDMOTAPP:TL 66

Z959EDIT:IM 12
! Z999FCMP: I 152
Z299FCIP I RB 55 i

>

TABLE 2 (Continued)
: TAPPS Version 1.2 Master Disk Map (Source)
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i
P
N . S
A -2 PO, S
b FREED 11&¢2
! cUSED) 13175
! (TOTAL) 14347
i ie3
s LD -2
HIHFILE 13 B
ATLAELP i1 B
RATLAFAL 56 B
RTLASPR 56 B
ATLASUM €6 B
ATLAWIN 56 B
ATLBBLP 6 B
ATLBFAL 3 B
ATLBSPR 33 B
ATLBSUM 33 B
- ATLBWIN 33 B
~TLCEBLP i1 B
+TLCFAL €2 B
ATLCSPR 62 B
ATLCSUM 62 B
ATLCLIN 62 B
ATLDBLP e B
~TLDFAL S5 B
ATLDSPR S5 B
: ATLDSUM S B
; ATLDUIN SS B
{ ATLEELP £B i
% ATLEFAL 26 B \
: ATLESPR c6 B )
§ ATLESUM 26 B
! ATLEWIN 26 B
; ATLSHIP - 4 B
§ DFMCPY ie B
é £EDIT 14 B
? :
‘ i TABLE 3
i i TAPPS Version 1.2 Master Disk Map (Load)-
3-9
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EFLLK i6 B
EECP . (1)
T T e3
FreTs LD 1
FroTLL 146
FACTLL:LD 1
FRCTL2 167
FARCTLZ:LD 1
FACTLS 157
FRCTL3:LD I
FARCTL3:LK 2
FRCTO1:AC 1
FACT11:RC 1
FRCT143AC 1
FRCT331:RC 1
" FACT333:AC 1
- FRCT334:AC i
FACT431:AC 1
FACT4323AC 1
FASMB:RB 34
FCOMP 7?7 B
- ICIN i4
ICouT 14
INDABLP 11 B
INDABLP:OL 11 B
INDAFAL 47 B
INDASPR 47 B
INDASUNM 47 B
INDAWIN 47 B .
INDBBLP i1 B \
INDBBLP:OL 11 B ’
INDBFAL 42 B
INDBSPR 42 B
INDBSUM 42 B
INDBWIN. 42 B
L TABLE 3 (Continued)
TAPPS Version 1.2 Master Disk Map (Load)
. - 3-10




IHISHIP 2B
INIT:LD 2
MITOS 3
nITie 3
1HPUT 216
IHPUT LD 1
INPUTOU 203
INPUTOULLD 1
INPUTOULX 1
INTR 156
INTR:LD |
MEASOU 141
MEASOU: LD 1
MEASUR 144
MEASUR:LD i
MEDBLP € B
MEDFAL 24 B
MEDSHIP 6 B
MEDSPR 24 B
MEDSUNM 24 B
MEDWIN 24 B
MIZR 147
MIZR3:LD 1
MIZRSLX b
NEMS 1
OACY iee
0acCyUsLD 1
ODBCM %)
- ODEBUG - 100 .
(ODEBUGILD 1 \
ODEBUGS ) | '
OFOM 154
OFQM:LD 1
Bt OGDEPOV 61
e OGDEPOU:LD 1
% TABLE 3 (Continued)
1_ i TAPPS Version 1.2 Master Disk Map (Load)
g .\. 3-11




|
. CGDERP U 152
N ) 163
i CMECILD 1
. UHLE 163
VHDESLD 1
CQUT 176
OOUTSLD 1
OsBC 16l
USBCILD : i
OsDB ie7?
OSDB:LD 1
- O%EX 165
OSEX:LD 1
QTLS 146
OTLS:LD o 1
OXXXsLD 6
_ PACABLP ‘ iB
PACARFAL 56 B
PACASPR 56 B
PACASUM 56 B
PACAWIN 56 B
. - PACBBLP 16 B
. PACBFAL - B3 B
i PACBSPR S3 B
. PACBSUM 53 B
. PACBUWIN G3 B
- PACCBLP ie B
: PACCFAL " 81 B
: PACCSPR 51 B .
- PACCSUM 51 B \
: PACCWIN S1 B ¢
& PACDBLP 7B
PACDF AL - S0 B
PACDSPR . S0 B
PACDSUM 50 B.
ig A TABLE 3 (Continued)
"o TAPPS Version 1.2 Master Disk Map (Load)
T
i
; 3-12
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L

PRUCDWIH S0 B
' EBLP 11 B
FrEFRL 54 B
FHUESPR S4 B
FHCESUM - 54 B
PRCEWIN 54 B
PACFBLP 11 B
PACFFAL 63 B
PACFSPR 63 B
PACFSUM 63 B
PRCFUWIN 63 B
PRCGBLP 11 B
PACGFAL 62 B
PACGSPR 6c B
PACGSUM ee B
PACGUWIN &2 B
PACSHIP 4 B
PHCSHIP:SR ic 8.
PREOPT 112
PREOPT LD i
RPFE i B
"GF13DT B
SONO 166
SONOSLD i
STLSS &5
STLSS:LD 1
THPPS - 51
TAPPS:LD i
TAPPSILX i
TAPPS@1:AC 1
TAPPSOE 3 ARC i
TAPPS@3RC 1
TAPPS0O43 AT i
TGTFL 4 B
TLDRIV . 210
TABLE 3 (Continued)
TAPPS Version 1.2 Master Disk Map (Load)
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TLFILE

LI DT
Togp s DT
~IA3EDIT: IM
SEAPFCMP L IM
—339FCMPRB’
Z939TnSS s IM

(W
W

NOOH =0
B ol s

>

TABLE 3 (Continued)
TAPPS Version 1.2 Master Disk Map (Load)
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AN:SR The array STHC was increased in size from
3 to 9 to handle the new Indian Ocean classes 4-9.

Values for STHC, the sin of the critical grazing
angle, were redefined to be consistent with the
new bottom-loss curves incorporated in Function
BTMLOS. The new critical angles are defined for
classes 1 to 9 to be 40, 30, 0, 30, 30, 30, 30, O
and 0 degrees, respectively.

MEASUE:SR The size of the array STHC was in-
creased from 3 to 9 (see AN:SR).

- MEASOV:SR The size of the array STHC was in-
creased from 3 to 9 (see AN:SR).

FACTL1:SR The critical grazing angle (THETMB) in
FACT was redefined as 0.5 radians for all bhottom
classes. The array THETCR(3) is no longer used.

L SONO:SR The size of the array STHC was increased

_ from 3 to 9, and the values modified to be consis-
l_ tent with the new BTMLOS (see AN:SR). The same-
changes were also made to subroutine SNOISE.\

TAPPS:SR The low-frequency bottom class (packed
[_ in IB) is no longer reset in subroutine STRC since
IBCON now performs this function in overlay
INPUTOV,

BTMLOS:SR This Function was completely rewritten
to compute the revised low-frequency bottom-loss
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curves for classes 1-9, and to interpolate between
the low- and high-frequency curves between 1000
and 1500 Hz. New Functions BTMLF and BTMHF were
written to perform the low- and high-frequency
calculations, respectively.

IBCON:SR A new Function IBCON was written to
transform the low-frequency bottom class obtained
from the TAPPS bottom-class data files. For ocean
areas 1, 2 and 3, classes 1-5 are transformed to
1-3; and for area 4 classes 1-6 are transformed to
4-9. The new low-frequency class is then repacked
with the original high frequency class in IB. The
transformation was required to give BTMLOS a way
to distinguish between the two sets of bottom-loss.
curves.

DBLIB:SR (BNGET) The arrays THCR and CTHC were
increased in size from 3 to 9 to accommodate the

new bottom classes 4-9.

NOISE:SR The arrays THCR and CTHC were increased.
in size from 3 to 9 to accommodate the new bottom\
classes 4-9, New critical angles were defined to’
be consistent with the new Function BTMLOS (see

AN:SR).

ANGSCH:SR Debug printout was added to aid in
model checkout.
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3.1.2

TWDPT:SR Unused code was deleted to make room for

the latest changes.

INDABLP/INDBBLP The Indian Ocean bottom-class

data files were updated with new low-frequency
bottom classes (1-6). The high-frequency classes
were not changed. The file coverage extends from
10 degrees South to 30 degrees North in the Indian
Ocean.

BLUG Support Software

LSCBLP:SR This routine modifies the Indian Ocean
bottom-class data files INDABLP and INDBBLP. It
accepts as input two ASCII data files INDAINP and
INDBINP, which contain the new low-frequency
bottom-class geographic assignment by one-degree
squares. Also inputted are the original bottom
class files INDABLP and INDBBLP, which contain
packed low- and high-frequency entries. The
routine outputs new data files INDAOUT and INDBOUT
with the new low-frequency classes, packed with.
the original high-frequency classes. '

LSDBLP:SR This routine reads and displays any
TAPPS bottom-class file (e.g., INDABLP).

LSBTM:SR A test driver for subroutine BTMLOS.
The routine lists bottom loss versus grazing angle
for each class and for selected frequencies.
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LSDBLOS:SR A test driver for subroutine BTMLOS.
;fl The routine graphically displays bottom loss
versus gZrazing angle for each class and for
selected frequencies.

LSLIB:SR A utility library for character input
and manipulation. i1t contains routines MOVEIT,
KCOMP and CINPUT.

3.2 SURFACE-DUCT MODEL SOFTWARE MODIFICATIONS

3.2.1 TAPPS Surface-Duct Software Modifications

FACTL1:SR The old Surface-Duct Model (Clay) equa-
tions were removed. Subroutine SDINIT is called
to see if their is a surface duct. IML and IMLP
are set to zero if their is no surface duct, or an
error condition exists which would prevent the
successful completion of the Surface-Duct Model.

FACTL2:SR The old Surface-Duct Model contribution
and volume absorption loss were deleted and
replaced with a call to a third FACT overlay\
(FACTL3) .

R A 24y e o0t o s s s b0

FACTL3:SR The new FACT Surface-Duct Model. It
first calls SDINIT to compute the Surface-Duct
Model input parameters. Next, it calls SDUCT it
IMLP is greater than one (i{f a duct is present and
no error condition exists). Next, it adds the
surface-duct contribution and volume absorption
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to the previously computed TL array which includes
signal intensity levels from all other propagation
paths other than surface duct. The TL array is

converted to dB and then to integers to save space
before returning to the overlay that requested a
FACT run.

EGSDUCT:SR The main Surface-Duct Model routine,
called from FACTL3 as SDUCT. The physical and
mathematical! bYasis for this routine and its
supporting routines is documented in Reference 17.

- EGSDCOM:SR A Block Data Subprogram to initialize
commor. area variables for the Surface-Duct Model.

EGSDINIT:SR The Surface-Duct 1input parameter

initialization routine. The routine computes the
equivalent bilinear (two lines) sound speed
profile based on the complete sound speed profile.
It calls subroutine LSFIT to perform a least
squares fit to the in-layer and below-layer
segments of the profile

EGLSFIT:SR This routine does a least squares fit
to the set of profile depth points Z(1), ..., Z(N)
and the correspondiang functional values

F(I) = [1 - C(1)/c()]2, I=1, ..., N

where C(I) are the profile sound speeds. The
function was chosen because the Surface-Duct Model
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3.2.2

assumes _this function to be linear for the in-
layer and below-layer segments of the profile.

EGTLOUT:SR This routine is called from FACTL3
to display the TL array for debug purposes only.

EGSLOSS:SR FACT rough surface reflection-loss
routice, called by SDUCT.

FACTLIB3:SR This library of routines includes
supporting software for the main FACT surface-duct
routine, SDUCT. 1t includes LEAKY, TRAPED, SMNODE,
HISQ, REFLK, AIRY and FANG.

Surface-Duct Model Support Software

FACT:SR A test driver program for the FACT
propagafion-loss model. It transfers coatrol to
the FACT overlays (FACTLY, FACTL2, and FACTL3),
and displays the results numerically and/or
graphically.

EGSDMAIN:SR A test driver program fer the
Surface-Duct Model. For comparison, the user may

select either the old model (Clay) or the new
model (SAI/Ryan). Two versions of the program can
be executed, oae without graphics oulput, but with
detailed debug output capability {EGSDMAIN); and
the other with graphics output but with no de-
tailed debug output capability (EGSDPLOT).

I3
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EGSPINM:SR A test driver program for subroutine
SDINIT.

EGTLPLT:SR A transmission-loss graphics output
routine,

3.2.3 Surtace-Duct Model - Special Considerations

The Surface-Duct Model uses a number of complex
arithmetic relationships. During the course of testing the
model a number of inconsistencies were found when the CDC
6600 and DEC-10 versions of the model were compared with the
TAPPS Nova 800 implementation. The lack of agreement was
traced to a number of places where the Data General com-
piler did not generate correct code for FORTRAN statements
which use various types of complex arithmetic expressions.
Although it waz possible to program around these problems in
all cases, care must be taken if the model is to be modified
in the future to ensure correct results.

3.3 AMBIENT NOISE SOFTWARE MODIFICATIONS

3.3.1 TAPPS Ambient Noise Software Modifications

NSLIB:SR (SHPSR) Subroutine SHPSR was modified
to handl~ the new shippirg-noise file (ANFILE),
which was expanded to include the southern hemi-
sphere,

ANFILE This file was modified to ineclude the
Indian Ocean. Also, provision was made for the




3.3.2

3.4

3.4.1

complete southern hemisphere and some entries in
the Mediterranean Sea were found to be in error
and subsequently modified.

Ambient Noise Support Software

ANFCHEAT: SR This routine creates ANFILE. It

accepts as input the ASCII file ANFILE:SR, which
contains omni-~directional shipping levels for each
five degree square.

ROUGH-SURFACE LOSS SOFTWARE MODIFICATIONS

TAPPS Rough-Surface Loss Software Mcdifications

FACTL2:SR The variable CSC2 was added to compute

the ratio of sound speed at the surface to the
sound speed at C(K2). CSC2 ara WHF (wave height)
are passed as arguments to subroutines CUSP and
INSTOR for rough surface calculations.

FACTLI1EZ:SR (CUSP) CUSP was modified to compute.

the sin squared of the grazing angle at the
surface and to call SLOSS for rough-surface
losses.

FACTLIB2:SR (INSTOR) INSTOR was modified to com-

ptte the sin squared of the grazing angle at the
surface and to call SLOSS for rough-surface
losses.
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3.4.2

3.5

EGSDUCT:SR Subroutine SDUCT was modified to call
SLOSS for the rough-surface loss contribution to
the surface-duct propagation.

EGSLOSS:SR  Subroutine SLOSS was created to com-
pute the rough-surface loss as a function of wave
height, the sin of the surface grazing angle
squared, the number of surface reflections, and
the frequency. '

Rough-Surface Loss Support Software

EGSLSMN:SR A test driver program for subroutine

SLOES,

MISCELLANEOUS SOFTWARE MODIFICATIONS

NSLIB:SR (SHIPMS) The variable SCOR was limited

tn he at least 10-15 to prevent. TAPI:S from tiying
to take the log of a negative number. This is
equivalent to limiting the shipping noise correc-

tion level to be at least -150 dB on each beam.

\
)

DBLIB:SR (TLGET) The variable NSAMP (the number

of depth points computed in PREOPT) was tested to
detect the case where PREOPT does not compute any
depth points.

GETENV:SR The variable SHPDEN was previously

epelled SHIPDEN in several p.aces.
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INIT:LD The Assign Console File INIT:LD did not
[ 34 ————————
19 save the memory locations 3542-3640, whick con-
) tained initialization for the variables ALDZ,
g g; ADMIN, BFUNC and AFUNC (Cowmmon area ANAP). These
] il locations were added to the save command.
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Section 4
TEST RUNS

A number of test cases were run to verify the
TAPPS software modifications. Prior to full integration
within TAPPS each of the major subroutines and data files
were tested using test driver programs:

LSDBLP - read and display any TAPPS Bottom
Loss class data file (e.g.,
INDABLP)

LSBTM/LSDBLOS - call BTMLOS to compute and

- display bottom loss versus grazing
angle, frequency and bottom class.
LSDBLOS displays results in
graphical format.

EGSDINM - test subroutine SDINIT

EGSDMAIN/ test surface-duct program in a

EGSDPLOT stand-alone mode (subroutine
SDUCT). EGSDPLOT displays results
in graphical format

t

FACT - test FACT in a stand-alone mode
(overlays FACTL1, FACTL2 and
FACTL3 \

EGSLSMN - test rough-surface loss routine f
(SLOSS)

- The source (:SR) and loader files (:LD) for each
of the above test programs has been retained on the TAPPS
master source (fixed) disk for additional testing if re-

¢t o b gy e e Rt 7 A et e o e o e

quired.

b A number of full-scale TAPPS runs were also run
to test the full impact of the model changes.
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Assign Console files were developed for many of
the FACT and TAPPS test cases and have been retained on the
TAPPS master load (removable) disk for additional use if
needed. The files are named FACTXXX:AC and TAPPSXX:AC.

Figure 13 contains a FACT stand-alone test run,
with the TAPPS Version 1.2 modifications. The Assign
Console file is FACT331:AC.

Figures l14a, 14b and 14c¢ contain TAPPS test runs
for TAPPS Version 1.1, with the BLUG modifications, and for
TAPPS Version 1.2. The Assign Console file is TAPPS04:AC.
These test runs dramatically illustrate the impact of the
software modifications on the TAPPS performance estimates.
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HUMVER OF RANGE INPREMENTH (--.LE. 850)~2=O
FrclsE INCREMENT (NM) ay
AFREH LIMITSOMINLGMAX) (DB)Y =70.,130,
LIZT,3RAPHICS QUTPUT (@=NQ,1=YES)=0,1
WAVE HEIGHT(FT)=G
LOil FREQUENCY BOTTOM CLASS(1-3 OR 4~8) =1
HISH FREQUENCY ROTTOM CLASS(1-9) =1
TOURCE DEPTH(FT)=g50Q
RECEIVER DERPTH(FT )=60
MUMBER OF FREQUENCIES(1-5)«3
FREQUENCY(HZ2)=50
FREQUENCY (HZ )=200
FREQUENCYt HZ ) =800
INDEX OF LAYERs=g2
HMUMEBEER OF DEPTH-VELOCITY PAIRS=5
DEPTH=Q
VELOCITY=5246
DEPTH=220
UVELOCITY=505@
LEPTH=1200
VELOCIT/=4960
DEPTH=6009
VELOCITY=43505
DEPTH= 19000
VELOCITY=5100 |
DEBUG MODE(@=NO, 1 =YES }=Q \
CALL FACTL1 R
SDINIT-IML,YS,¥YR,2,C 4 Se.e 60,0
Q.2 E0.0 - - £0.0 200.0 1000.9 6ORR.9150e8.B
S046.0 E047.0 S@47.2 5050.0 4960.2 45806.4 5104.6
LSFIT-KWT,2Z2D,N,2,C: o] 200.001 4
2.0 50.0 £0.0 200.0 -

Figure 13: TFACT Test Run "FACT 331:AC
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DEPARTMENT OF THE NAVY
OFFICE OF NAVAL RESEARCH
875 NORTH RANDOLPH STREET
SUITE 1425
ARLINGTON VA 22203-1995
IN REPLY REFER TO:

5510/1

Ser 3210A/011/06
31 Jan 06

MEMORANDUM FOR DISTRIBUTION LIST

Subj: DECLASSIFICATION OF LONG RANGE ACOUSTIC PROPAGATION PROJECT
(LRAPP) DOCUMENTS

Ref:  (a) SECNAVINST 5510.36
Encl: (1) List of DECLASSIFIED LRAPP Documents

1. In accordance with reference (a), a declassification review has been conducted on a
number of classified LRAPP documents.

2. The LRAPP documents listed in enclosure (1) have been downgraded to
UNCLASSIFIED and have been approved for public release. These documents should
be remarked as follows:

Classification changed to UNCLASSIFIED by authority of the Chief of Naval
Operations (N772) letter N772A/6U875630, 20 January 2006.

DISTRIBUTION STATEMENT A: Approved for Public Release; Distribution is
unlimited.

3. Questions may be directed to the undersigned on (703) 696-4619, DSN 426-4619.

R F I,
BRIAN LINK
By direction
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